INTRODUCTION
Weeds are an important constraint in agricultural production systems, acting at same tropic level as the crop; weeds capture a part of the available resources that are essential for plant growth (Oerke 2006) . Effective weed management is critical to maintaining agricultural productivity. Inevitably, leaving weeds uncontrolled will sooner or later lead to considerable reductions in crop yield and increase production cost. Manual weed control is labour intensive and therefore limits the production area. Crop rotations affect seed banks because weed control measures change with successive crops (Ball 1992) . Weeds that survive and produce seeds in one crop contribute to the seed bank from which weed seedlings are recruited in successive crops. Because of greater variability in the type and timing of soil, crop, and weed management practices, there are more opportunities for weed mortality events in rotations than in monoculture (Martin and Felton 1993) . Manipulation of cropping systems for the purpose of improving integrated weed management requires a good understanding of weed dynamics and influences of crop-and soilrelated factors on weed life cycles. Changes in crop rotation and herbicide use could change the weed seed banks in arable soils (Squire et al. 2000) . Rotations comprised of two cool-season crops followed by two warm-season crops are the most disruptive of weed population growth. The impact of rotation design on weed community density is enhanced by no-till.
MATERIALS AND METHODS
A field experiment was conducted during 2015-16 and 2016-17 at Norman E. Borlaug Crop Research Center, G.B Pant University of Agriculture & Technology, Pantnagar, U.S. Nagar (Uttarakhand) India, to study crop intensification and establishment techniques to enhance productivity under irrigated rice-wheat system. The soil of experimental field was loam in texture. The soil of experimental field was high in organic carbon (0.80), low in available nitrogen (260.4 kg/ha), high in phosphorus (29.6 kg/ ha) and medium in potassium (203.9 kg/ha) with neutral in pH 7.33. The experiment was laid out in a randomized block design with nine treatments [ Weed density/ m 2 recorded just before the execution of first hand weeding or before the application of post emergence herbicides during both years by using a quadrate of size 0.5 m x 0.5 m (0.25 m 2 ) and expressed as number per meter square. Weed dry matter of all the weed species (grasses, broad leaved weeds and sedges) recorded just before the execution of firsthand weeding or before application of post emergence herbicides within an area of quadrate of 0.5 m x 0.5 m (0.25 m 2 ) were cut closed to ground surface, separated species wise and sun dried for first 4-5 days thereafter placed into an oven at 70 + 1 O C temperatures till a constant weight was obtained. The dry weight of weeds was expressed as g/ m 2 . Total weed dry matter was worked out by adding of all weed species.
RESULTS AND DISCUSSION

Weed density in Kharif
The data on density of grasses, broad leaved weeds, sedges and total weeds during Kharifseason in 2015 and 2016 is presented in Table 1 . Density of these weeds was significantly affected by crop intensification and establishment techniques during both the years.
In Kharif season, total weed density was recorded significantly lower in treatment rice (TPR) -wheat while the highest total weed density was recorded in rice (DSR) -vegetable pea -maize grain treatment during both the years. The total density of grasses in Kharif was recorded significantly lower in Original values given in parentheses was subjected to square root transformation before analysis; BLWs =broad-leaved weeds 1 7 rice (TPR) -wheat system (5.68 and 6.36 no. /m 2 ) treatment during 2015 and 2016 while the highest was in rice (DSR) -vegetable pea -maize grain treatment system. Direct-seeded rice faces a potential threat from changes in the competing weed flora and with an increase in those species that are difficult to control (Johnson et al. 2003) . These include I. rugosum, E. crus-galli, E. colona, L. chinensis and Cyperus spp. The total density of broad-leaved weeds in kharif during both the years was recorded significantly lower in rice (TPR) -wheat treatment while the maximum density of these weeds was recorded in rice (DSR) -vegetable pea -maize grain treatment. The total density of sedges in Kharif was found significantly lower in rice (TPR) -wheat treatment while highest in rice (DSR) -vegetable pea -maize grain treatment during both the years. Malik and Yadav (2008) also reported that integrated weed management, sowing sesbania with the rice and use of a selective herbicide at 30-40 days after sowing to kill the sesbania to provide mulch, which reduced the need for hand weeding.
Weed density in Rabi
The observation recorded to density of grasses, broad leaved weeds, sedges and total weeds during Rabi season in 2015-16 and 2016-17 under different treatment are presented in Table 2 . Density of these weeds was significantly affected by crop intensification and establishment techniques during both the years.
In Rabi season, total weed density was found to be significantly influenced due to different treatments during both the years. The lowest total weed density in Rabi season was recorded in maize (B) (cob + fodder) + cowpea (B) + sesbania ( (Mohammadi 2013) .
Weed density in summer
The mean values for density of grasses, broad leaved weeds, sedges and total weeds during summer season in 2015 and 2016 under different treatment are presented in Table 3 . Density of these weeds was significantly affected by crop intensification and establishment techniques during both the years.
Total weed density in summer season was significantly influenced due to various treatments during both the years. No population of grasses, broad-leaved weeds and sedges in summer was recorded in soybean (B) + rice (DSR) (F)-2:1 (NBS 60 x 30 cm) -wheat + mentha (3:1) (NBS 60 x 30 cm) -continue (NBS 60 x 30 cm treatment. The highest total density of weeds was recorded in rice (DSR) -vegetable peamaize (cob + fodder) treatment during 2015 and 2016. The total weed density of grasses, broadleaved weeds and sedges in summer season during both the years was recorded significantly higher in rice (DSR) -vegetable pea -maize (cob + fodder) treatment. Similarly, the cover crop within cropping systems was found to suppress weed emergence or without adversely affecting crops growth (Norsworthy 2003) .
Total weed density in system
The mean values for density of total grasses, broad-leaved weeds, sedges and total weeds during Rabi season in 2015-16 and 2016-17 under different treatment are presented in Figure 1 . Density of these weeds was significantly affected by crop intensification and establishment techniques during both the years. 
Weed dry matter
Weeds dry matter in Kharif, Rabi and summer
The mean values for dry matter of total grasses, broad leaved weeds, sedges and total weeds during Kharif, Rabi and summer season in 2015-16 and 2016-17 under different treatment are presented in Table 4 . Density of these weeds was significantly affected by crop intensification and establishment techniques during both the years.
In Kharif, dry matter accumulation of grassy, BLWs and sedges in Kharif was influenced significantly due to different treatments during 2015 and 2016. Significantly lower weed dry matter of grasses was recorded in rice (TPR) -wheat treatment while the highest dry matter was recorded in rice (DSR) -vegetable pea -maize (cob + fodder) treatment during 2015 and 2016, respectively. The lowest dry matter accumulation of BLWs was recorded in rice (TPR) -wheat while the highest dry matter was recorded in rice (DSR) -yellow sarsoncowpea (vegetable + green manure) during 2015 and in rice (DSR) -vegetable pea -maize (cob + fodder) during 2016, respectively. Dry matter accumulation of sedges was recorded significantly higher in rice (TPR) -wheat treatment while the highest dry matter was recorded in rice (DSR) -vegetable pea -maize grain treatment during 2015 and 2016, respectively. This might be due to direct seeding rice. 
Total weeds dry matter in system
The data regarding to total dry matter of grassy, BLWs and sedges weeds in the system during 2015-16 and 2016-17 under different treatment are presented in (Figure 2) . Density of these total weeds was significantly affected by crop intensification and establishment techniques during both the years. Singh, V.K. Singh, Sumit Chaturvedi, Ajit Pratap Singh, Dushyant Prabhakar and Jodh Pal Singh accumulation of BLWs was recorded in soybean (B) + rice (DSR) (F)-2:1 (NBS 60 x 30 cm) -wheat + mentha (3:1) (NBS 60 x 30 cm) -continue (NBS 60 x 30 cm while the highest total dry matter was recorded in rice (DSR) -vegetable pea -maize (cob + fodder) during 2015-16 and 2016-17, respectively. Significantly lower dry matter accumulation of sedges was recorded in soybean (B) + rice (DSR) (F)-2:1 (NBS 60 x 30 cm) -wheat + mentha (3:1) (NBS 60 x 30 cm) -continue (NBS 60 x 30 cm) during both years while the highest dry matter was recorded in rice (DSR) -vegetable pea -maize grain during 2015-16 and rice (DSR) -vegetable peamaize (cob + fodder) during 2016-17, respectively. It might be due to inter-cropping effect. Inter-cropping can reduce both weed density and biomass to a great extent due to decreased light transmission through the canopy (Baumann et al. 2000) . Inter-cropping with Sesbania for 30 days were found effective in controlling weeds in DSR (Singh et al. 2007 ).
